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Screening for Urinary Tract Infections 
in Children 
by Amy Schechter 

To noooy McDoodle 
the most wonderful man in the world 

Any screening test must have certain requirements fulfilled 
before it can be accepted as a method for early disease 
detection. It must be quick'V easy to administer, 
inexpensive, acceptable to the patient, non-harmful, 
and have a low false positive and false negative error 
rate. The question as to what is an acceotable error 
rate is often open to question, Tt seems clear that 
too many false negatives will allow sick people to 
go undetected while too many false nositives will 
cause added expense and re-testing. 
In considering screening for urinary tract infections, 
the health care system has methods for treating the 
disease and the natural history of the disease allows 
for detection of a high proportion of early latent 
cases. Urinary tract infections cause much morbidity 
and some mortality and are a reasonably frequent condition. 
All these points will be considered in relation to 
a new screening test for urinarv tract infections, 
festuria mini-cultures. 
Diagnosis of 3acteriuria 
The final criteria for making a diagnosis of 
urinary tract infection has always been a urine culture. 
It is important to remember that there are questions 
even in interpretation of a culture. The reliability 
of the now commonly used loon method as opposed to 
. 
1 
the pour plate technique has been proved, ’ although 
it has been shown that it is less reliable for Gram 
3 
negative infections. Swab plating has also been 
recommended with no double blind study to verify its 
4 
reliability. 
The reliability of the various methods of urine 
collection may differ. Midstream urines from children 
showed 7%'false positive rates and 22% false negative 
rates when compared to a catheterized specimen from 
the same individual.^ Urethral catheterization, however, 
may well induce urinary tract infection of its own 
accord. This consideration, plus the technical difficulty 
and unpleasantness of the procedure, limit the use of 
catheterization. Mabeck compared midstream urines 
with suprapubic taps in symptomatic women^ and found 
95% agreement if the midstream cultures between 10^-10^ 
bacteria/cc were reoeated. Bacterial cultures in 
the non-pathogenic range may still be viewed with 
suspicion in the symptomatic patient.'7 
Bailey reoorts a 20% false positive rate in midstream 
urines and recommends a second culture to confirm 
a positive result.7 Other investigators have noted 
a midstream urine false positive rate ranging from 
lu-nu/o. On the basis of their experience 
with asymptomatic girls, Walten and Kunin recommend 
reculturing all girls with counts greater than 50,000, 

Prevalence 
The prevalence of urinary tract infections must 
be divided into subgroups: i.e., pregaant women, normal 
adults, children and neonates. Asymotomatic bacteriuria 
of pregnancy has been reported as 3.7% ^ , 5.2%^, and 
9.7%^ . The prevalence in an asymptomatic group of 
adults in a general practitioner's office^ has been 
reported as 8/1000 patients/annum and in symptomatic 
adults as 47/1000 patients/annum. The prevalence of 
bacteriuria in non-pregnant women was about 4-6% and 
10-20% of women were expected to have a urinary tract 
infection in their lifetime. 
17 
In hospitalized non- 
pregnant women the prevalence was 24%.^ The prevalence 
in children has been tested many times, In Kunin's 
study of 3000 Boston school children, 1% of girls 
18 
had urinary tract infections. ' In a Michigan study 
of school children the prevalence was 3% in girls and 
.15% in boys.^ In a Swedish study the prevalence 
20 
was only 0.84 in girls,- and in a study from India 
21 
the prevalence was 1.8%. In an extensive 3ritish 
study the prevalence was 1% - and in Scotland 2.1%- . 
?4 
An extensive study was done by Kunin who showed 
the prevalence in school children age five to sieteen 
to be .03% in boys and 1.2% in girls. Each vear 
0.3-0.4% of girls convert to a positive culture and 
the cumulative prevalence for ten vears was 4.5% 

for white girls and 5.9% for Negro girls. At least 
5% of girls in this study had one eDisode of bacteriuria 
by age eighteen. Recurrences occured in 80% and were 
?5 
most common in the five to nine year olds.“ In 
children with genitourinary symptoms the prevalence 
was even higher. In 200 symptomatic children the prevalence 
was 56%, with the highest rate in females 0-2 years 
old. In another similar study the prevalence was 
a 27 
73% with an asymptomatic prevalence of 4%. The 
prevalence rate in enonates is much more variable depending 
upon the method of collection, i.e. bag, catheter, 
9 8 
or suprapubic aspiration. It ranges from 1%~ to 
1.4% (2.3% in males, 0.3% in females)'- if only suprapubic 
results are accepted. Many more males have urinary 
tract infections during the first month of life and 
hematuria is a more common sign in males while fever 
30 
predominates in females. The male:female set ratio 
changes to 1:7 after age one. A very good comparison 
of pyuria and quantitative culture in neonates was 
done during the first ten days of life by bag and 
midstream urine collection. Twenty one per cent of 
the females had greater than 10 cells/cumm as did 
6% of the males by bag. Cultures greater than 10^ 
bacteria/cc were found in 40% of the males and 45% 
of the females by bag. When midstream urines were 
used, however, the bacterial counts were significantly 

O 1 
lower. 1 In another neonatal study although 20% were bag 
31 
positive, only 3% of the midstream urines were positive. 
It was concluded that only counts greater than 75 cells/cumm 
in females or greater than 10/cumm in males should be considered 
positive for midstream catches in the neonatal population. 
Bagged urine specimens were not considered reliable. It 
has been suggested that 10^ bacteria/cc be considered the 
. . . . ,30 
upper limit of normal. 
Thus, urinary tract infections seem to represent a fairly 
frequent problem in all age groups. 
Importance of Urinarv Tract Tnfections 
In pregnant women the importance of urinary tract infections 
is well accepted. Whalley suggests that most bacteriuria 
of pregnancy antedates the pregnancy and is due to 
13 
sexual trauma. If these patients are untreated, 
40% will develop acute pyelonephritis (fever, CVA tenderness, 
nausea and vomiting). Long term therapy can reduce the 
17 
prevalence of acute pyelonephritis to 2.8%. Tn Stanley's 
study of pregnant women the prevalence of urinary tract 
infections was 4% and acute pyelonephritis occured in 25-35% 
of the bacteriurics as compared with 10% of the non-bacteriuric 
controls. Renal abnormalities noted in post-delivery 
IVP's were unchanged four years later, i.e. a loss of 
, . 3? 
renal mass with no caliectasis or scarring. 

Women with untreated pyelonephritis of oregnancv showed 
radiological evidence of collecting duct irregularity, 
hydronephrosis, and blunted calvces, and suffered an 
increased incidence of renal stone formation five to 
33 
ten years later. Others reported similar X-ray 
findings and noted that 50% of these women suffered 
CVA pain -and were in ill health five years later. 
The prematurity and neonatal death rate for untreated 
mothers with acute pyelonephritis was twice as high 
13 
as in controls. The prevalence of prematurity, 
however, was unaffected by treating the bacteriuria3 
In terms of maternal morbidity the importance of screening 
the pregnant population for bacteriuria is well accented. 
In a study of the general adult population of 
males and females 40% of dysuric patients had bacteriuria 
3 
with no IV? abnormalities at the time of infection. 
However, others have noted minor radiologic abnormalities 
35 35 
in 30 and 34% of bacteriuric middle-aged women. ’ 
An increased incidence of hypertension has been noted 
in 38% of post-bacteriuric pregnant women in one study. 
They were not fallowed long enough to see if this 
elevation was significant. There is thus conflicting 
evidence that the general medical population would 
benefit from bacteriuric screening. 
37 

Tn children presenting with bacteriuria for the 
first time, X-rays showed evidence of oyelonenhritis 
O O O Q A f) 
in 15%J , 12%j , and 18% ; gross structural abnormalities 
33 41 
in 6% ',5% , and 3% ", and vesicoureteral reflux 
m 20-40%. Hanson stressed the 
need for v.igilence pointing out that 15% of bacteriuric 
children, though asymptomatic, nevertheless showed 
45 
renal damage on their first IVP. Nurko noted a 
similar figure of 12%.^ Forbes' study^ noted an 
increased incidence of recurrent bacteriuria in patients 
with IVP abnormalities. A correlation was found between 
asymptomatic bacteriuria and grwoth below the twenty 
fifth percentile in height and weight, the correlation 
becoming even more pronounced in natients with IVP 
23 
abnormalities. Kunin, in a large and well controlled 
48 
stiudy supported these conclusions. Allen stated 
that 20% of children with untreated symptomatic bacteriuria 
49 will die of kidney disease ( a figure comparable to 
Steele's 18%~^). Thirty three percent will have 
continuing urinary tract infection and 50% will be 
49 
completely well. ' De Luca's study shows that a short 
49 
course of antibiotics does not chance this prognosis 
since treatment is often not continued for a long 
enough time and recurrences are common. He concluded 
that renal damage was due to repeated self-limiting 

acute attacks perpetuated by reflux. Sixty to eighty 
five per cent of treated symptomatic bacteriuric 
children had a relapse in 6-12 months. Ten to twenty 
per cent of these children died of renal disease in the 
next 20 years. Similar mortality and morbidity statistics 
, , , , , , . .. 52,53,54,55 
have been reached by other investigators. 
Pyuria 
The technical difficulty an expense of urine cultures 
have led to a search for other methods of diagnosing 
urinary tract infections. Pyuria, or excessive white 
blood cells in the urine, has often been used as a 
screening test for urinary tract infections. Lam 
et. al consider pyuria to be greater than 5 white blood 
cells/h igh powered field in a centrifuged specimen 
or greater than 10 wbc/hpf in an uncentrifuged specimen 
and these standards are used as the norm.^'’ It was 
felt that the uncentrifuged method was easier, less 
time consuming and equal in reliability to the use 
of centrifuged specimens. Quantitative corroboration 
was not given in this study. Stansfield, using greater 
than 5 wbc/hpf centrifuged as a criterion for infection, 
justifies the use of negative results for disproving 
urinarv tract infection although found an unacceptable 
high false oositive rate.Houston states that fewer 
than 10 wbc/hpf uncentrifuged is definitely negative 
and white cell counts greater than 100/hof are definitely 

oositive, but feels values in between are indeterminate. 
58 
Kunin feels the rate of false oositives is reduced if 
Cjram-stained specimens are used, although he feels the 
presence of bacteria in an unstained specimen is 
sufficient.- °ryles found 39% false negatives using 
pyuria and by gram staining for bacteria lowered his 
59 
false negative rate to 20%. Stewart reports a decrease 
in false positives from 12% to 3% by the addition of 
stained sediment examination.^ The Dundee study 
93 
found pyuria in only 60% of their bacteriurics. 
In adults the rate was only 28%.^ McLin found pyuria 
in 66% of culture-confirmed bacteriurics, bacteria 
in the smear in 60% of the bacteriurics and by using 
both methods found that at least one was abnormal in 
75% of the cases, i.e. a false negative rate of 25%. In 
Meadow's study of eighty children only 5% of males had 
pyuria and of these two had balanitis, one had post¬ 
streptococcal glomerulonephritis, and one had membrano- 
proliferative glomerulonephritis, with none having 
22 
urinary tract infections. lie found that of girls, 
6% had pyuria with most pyurics showing vulvitis or 
leucorrhea. Only 15% of the pyuric girls had urinary 
tract infections. Meadow was thus unimpressed with 
the usefulness of pyuria in detection of urinary tract 
infections. Mabeck found 30% false negatives using 
pyuria,^^and Kass (using greater than 3 wbc/hpf) found 

50% false negatives and 15% false positives 
62 
m 
error rate he felt was unaccentably high. Littlewood 
found 90% correlation with culture results by assessing 
6 3 
the presence of motile bacteria. Thysell found a 
false positive rate of 30% and felt his unacceptably 
high false negative rate was due to epithelial debris, 
clumping,, a the variation due to subjective microsconists. 
Pyuria has been found even less reliable in diagnosing 
recurrent infections. 
65 
Other investigators using 
pyuria report false negative rates of 33%^, 43%^7, 
43%68, 4%69, 46%70, 46%71 , 60%72, 39%73, and 63%74 
and false positive rates of 50%°^, 12%^7, 12%°8, 
20%°9, 36%79, 15%78, 2%7^, and 50%'^. Examination 
of the stained sediment for bacteria yields false 
negative rates of 11%^°, 13%88, 5%78 , 26%78 , 0%89, 
16%78, 20%7^, and 2% 2 while false positives included 
values of 2%63, 4X75, 1%75, 4%69, 15%70, and 10%2; 
whereas examination of unstained sediment for bacteria 
yielded false negative rates ranging from 8%78 to 
11% 3 and false positive rates rangin from 0%78 to 
16% 0. The use of nroteinuria in diagnosing urinary- 
tract infections was associated w7ith a false positive 
rate of 8% and a false negative rate of 94%. Thus, 
pyuria, proteinuria, and bacteria in the sediment 
are unsatisfactory methods for screening for urinary- 





The Catalase Test 
One of the earliest chemical tests used in screening 
for bacteriuria was the catalase test. A paper disc, 
impregnated with urine is dropped in T^O-,. If it is 
floating horizontally after one hour or if there is 
a layer of foam after 15 minutes (indicating the release 
of oxygen) it is considered positive for the presence 
of bacteriuria. Different investigators have reported 
false negative rates of T/J^, 9, 10a/J®, 33%^, 52%^ f 
and 24and false positive rates of 34%'^, 15%"^, 
14%^ and 23%^. Most false positives are associated 
with the presence of red blood cells or renal tubular 
epithelial cells in the urine. False negatives are 
most commonly associated with the presence of bacteria 
lacking the enzyme catalase’, i.e. streptococcus faecalis, 
klebsiella, and aerobacter. The catalase test is 
neither sensitive enough nor specific enough for use 
in routine screening for bacteriuria. 
The Nitrate Test 
The Griess nitrate test for bacteriuria deoends 
upon bacterial conversion of nitrate to nitrite. 
The test is fallible because 1) some bacteria are 

unable to reduce nitrate; 2) the urine of some patients 
does not contain adequate concentrations of nitrate 
due to lack of adequate dietary intake and"3)rthe 
urinary'-frequency associated with infection does not 
allow a sufficient bladder incubation time for the 
reaction to occur. The usefulness of this test is 
further compromised by the fact that many of the most 
virulent bacteria such as enterococci, pseudomonas 
and staphylococcus cannot reduce nitrate. False negatives 
have been reported as 25%8^, 28%°", 18%88. 47%^, 
45%84, 37%84, 3S%85, 47%86 , 50%71, 6 3%64, 347068, and 
50%8, . False positive rates are 1.6%8~, 1%^7, 0%8' , 
07o71 , 0.57o88, and 1.4%86 If the urine is incubated 
for four hours post-voiding the false negative rate 
-■ , . Qty89 qot/70 01a/64 o/a/90 /<yS7 ra/87 
is lowered to 8.4 . 9.4 , 214 , 244 , 44 , 64 , 
91 
and 30% . The false positive rate is unaffected. 
This test, althoughsuitably specific is not sufficiently 
sensitive for routine screening use. 
The TTC Test 
Tetrazolium ir reduced by metabolites of bacteria to 
a red precipitate, triphenyIformazan. Methods using this 
reaction require only four hours. The use of the test 

is limited by the inability of strentococci, pneumococci, 
and manv strains of staphylococci, proteus and oseudomonas 
92 
to reduce TIC, ^ and by the fact that TIC may be reduced 
spuriously by acidic urine. ^ The Uroscreen test, a modified 
TTC te st, ha s yielded false oosi 
\u 
t ives % 1/(y93 of 14% 3%9^ J/O , 
0%95, 5% 9 6 i 21797, 11%67, 1777. 0771, 0%69, 6% 7 
T. O 
, 8% 
11%", and 2 3%^ and false negat ives of 13% 94 » 
7a/100 / /o 9 
14%101 4°/ 9 /o 
95 Qty 95 , J /o j , 31%97, 9%102 , 21% 6/, 17 
cr/103 
' O 
Qo/ 6 8 
, O /o 
A Of 77 H U/o 9 6% 7 
1 
f 3 37 ^ ^ 
7 q C°/ ' » 2b/o 
QQ 
2 0%v 8 Q799 ig/ 9 y /o 9 1 u 0 104 9 
/ rr/66 
40/o 
and 20%79 wi th the most sa t i s f ac torv result s in gram 
infections. This test, too, is not sufficiently sensitive 
for routine screening use. 
The Glucose Test 
A recently introduced test for urinary tract infection 
involves measurement of urinary glucose concentration. 
A glucose concentration lower than 2 mg/100 ml is considered 
positive. The advantages are speed of results and the 
fact that contaminants will not give falle positives. 
When done by its nroponents, Schersten et. al, the sensitivity 
is reported as 96% and the specificity as 99%^9^ if done 
with a strictly standardized procedure in which the patient 
urinates before bedtime, does not eat or drink until morning 
when he collects his first morning urine and keeps it 
chilled until it gets to the clinic. This insures a sufficient 
incubation time to alios glucose utilization to occur. 
Thus this test requires 24 hour notice and is not sutied 

for spontaneous clinic or office use. When this test was 
modified in a subsequent investigation, by the elimination 
of laboratory glucose determinations and its replacement 
by a dio-stick technique performed in the clinic, Schersten 
et. a. reported a sensitivity of 100% and a specificity 
of 99%, in the 90% of school girls who followed instructions. 
Other investigators have reported false negative rates of 










1 a/ 1 0 8 
L /o , 
,y 109 
1 / O w75 in those who followed instructions. 
However, the test's accuracy was drastically reduced if 
any of the special preparatory procedures were not carried 
out. Under these conditions the false negative rates were 
45%^, 21%^ and 53%~^. Although the urinary glucose test 
is a highly accurate diagnostic tool in an exceedingly 
cooperative patient population, it is virtually useless 
in any other clinic population or in individuals who, due 
to their symptoms, are unable to follow instructions. Thus, 
urinary tract infections, although a major cause of morbidity 
in the pediatric age group, had yet to be easily detectable 
bv an inexpensive reliable test. 
Mini-Culture Techniques 
Miniature culture techniques are one of the most recent 
developments in screening for bacteriuria. On of the 
first of these was a dip-inoculum procedure in which a 
media-filled spoon is dipped into the urine sample and 




of this technique included an inability to distinguish 
lactose fermenters from non-lactose fermenters; an incubation 
time of 13-24 hours; the subjectivity of reading confluent 
or semiconfluent growth; and difficulty in reading in the 
109 
100-200 range. ' False nositives in a groun of 2893 
urines tested were only 0.6% and false negatives only 
1%^^, a highly accurate result. 
"Uricult", a din-slide procedure is a modification 
of the dip-inoculum method. Th slide, agar coated^on both 
sides, is dipped into the urine, incubated and then counted. 
The test is considered positive if more than 200 colonies 
are present on either agar type.^^ The test is unreliable 
with enterococci and Gram positive organisms like streotococcus 
11? 
faecalis and staphylococcus. “ Other investigators, using 
the "Uricult" test, have reported the following results: 
Author No. urines False "’os False Neg 
n ^ 113 Guttman 385 47o 0% 
n -114 Rautalanni 56 4% 
■ 7 • 1 1 115 
Wille 2500 0% 1% 
n 116 
Baum 9.6% 2.6% 
J ackaman^^ ^ 1.9% 0.8% 
Soderdahl^ ^ 200 4% 0% 
1 1 Q 
MacLean1 100 5% 
n 120 Dove 12% 16% 
Buchanan^"- ^ 




1 97 1 • O/o 
123 
Bailey 169 16% 0% 
A comparison between the dip-inoculum and the din 
slide methods shows that the formerh is slightly easier 
to use, less expensive, capable of re-use and has fewer 

false positives. Both methods are in routine use in 
Great Britain. 
The"Testuria" method is less expensive and easier 
to use than either of the two Dreviouslv mentioned miniculture 
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m 143 Mongeau 
144 
Wright 
No. urines False Pos False Neg Type population 
659 2% 5% General 
1318 Obstetric 
441 1% Many Obstetric 
436 1% Children 
218 0% 0% General 
322 0% 0% General 
200 0% 0% General 
1273 0.7% 6% General 
710 6.6% 4.5% General 
8371 1.4% 1.3% Children 
10 Common 3% Recurrent 
676 40% 5% Urologic 
150 2% 0.6% General 
400 0.5% 3% General 
4% 2% Children 
315 5% 0% j General 
7% General 
950 2% General 
0% 0% Children 
16% 0% General 
Results are less reliable with 
127 
Klebsiella and Aerobacter. Gram 
pathogens such as 
positive infections 
that occur in clumps or chains have a great mass and tend 
132 
not to be picked up by the filter paper, thus increasing 

the false negative rate. There is little doubt that a need 
exists for a routine bacteruria screening nrocedure. It 
seems likely that the most reliable and least expensive 
test at this time is a microbiological mini-cultuee technique. 
Utilizing the Yale pediatric outpatient clinic, the usefulness 
of Testuria miniature cultures, a commercially available 
microbiological screening test, was evaluated. 

Methods and Materials 
A portion of every urine snecimen obtained in the Yale 
V * 
University outpatient Pediatric clinic between May 30, 1973- 
Feb 1, 1974 was utilized for Testuria culture. All samples 
were midstream collections obtained by nurses and were 
collected in a sterile container. If the urine was 
sent to be' cultured it was obtained as a clean catch. 
If the specimen was only to be used for urinalysis it 
was a midstream collection with no special cleansing 
of the genitalia. A portion of the urine specimen 
was sequentially transferred to another sterile test 
tube for Testuria culture. The specimens used had 
been refrigerated immediately after voiding for 1-5 
hours before actual plating procedures were done. 
A small sample of urine was transferred to a filter 
paper dip stick, which was then applied to the Testuria 
agar plate for ten seconds. The agar plates were then 
incubated for eighteen hours. All samples were counted 
and labeled, as per the manufacturer's instructions; 
with 0-3 colonies regarded as negative, 4-35 colonies 
regarded as suspicious and greater than 35 colonies regarded 
as positive. All results were recorded on a tally sheet 
(Figure 1) which included age, sex, race, chronic 
illnesses, acute symptoms, reason for urine collection, 




urinalysis or urine culture if obtained, previous urinalyses 
and urine cultures and follow-up results. 
Limitations of the Study 
There are some severe methodological weaknesses 
in this procedure. The necessity of transferring the 
urine twice into sterile containers in order to separate 
one part for Testuria and one part for urine culture 
and urinalysis introduces a large chance of contamination. 
Refrigeration will decrease the doubling time of the 
bacteria but does not eliminate their reproduction in 
the urine altogether, so that specimens that were 
refrigerated longer might be expected to show more 
false positives. The necessity of using some urine 
samples that were not clean catches may increase the 
contamination rate but it has been noted that cleansing 
of the genitalia may also sterilize the urine and 
increase the false negative rate. 
These limitations are all due to the methods used. 
However, there is another consideration to be taken 
into account. During this whole oaoer we have been 
using the quantitative urine culture as the final 
guideline as to the diagnosis of urinary tract infections 
and have been assuming that this method is 100% reliable. 
This, however, is an unfair assumption. It has been 
shown that Oising only one sample of urine for a quantitative 
culture will give you a false positive rate ranging from 

8 -13 
10-40% when compared with a second sample. It 
145 
has been shown that estimates of false negative 
rates for a screening test may be very sensitive to 
small variations in the false positive rate of the 
evaluating test. A false positive and false negative 
rate for the quantitative urine culture has never 
been completely defined but it seems clear that if the 
quantitative urine culture and the Testuria test have 
different methods of evaluation and different sources 
of errors then the high false positive rate of a single 
urine culture will tend to overemphasize a higher 
false negative rate by Testuria. Conversely, an 
increased false negative rate in quantitative urine 
culture due to slow growing Gram negative bacteria 
may serve to overemohasize a higher false nositive 
rate of Testuria. 
Results 
A total of one hundred seventy six urines were 
obtained between May 30,1973 and Jan 1, 1974. The 
median age was seven years two months with a range 
from five months to nineteen years. Fortv five oer 
cent (79) of the patients were male and 55% (97) were 
female. Fifty eight oer cent (102) were black, 33%(5S) 
were white, 5% (9) were Puerto Rican and 4% (7) were 
Oriental. 
Only one hundred two urine samoles were taken for 

urine culture, urinalvsis and Testuria. The other 
seventy four, all from asymptomatic children, were 
only screened by urinalysis and Testuria and will 
be eliminated from the tabulation of results. This 
leaves one hundred tw7o samples tested by all three 
method s. 
Ninety three specimens were culture proven negative. 
Of these 79 were Testuria negative, 12 were Testuria 
suspicious, and 2 were Testuria positive (Table 1). 
If you include the suspicious counts as Dositives the 
false positive error rate was 15%. By urinalysis 
the false positive error rate was 5.4% (Table 2). 
In this non-infected group of children 69% had genito¬ 
urinary symptoms (64) and the percentage of males 
was only 30%. 
Nine specimens were culture proven positive. 
Of these 3 were testuria positive, 4 were testuria 
suspicious and 2 were testuria negative (Table 1). 
The false negative error rate was thus 22%. By urinalysis 
the false negative error rate was 78%!(Table 2) In 
this infected group of children 100% had genitourinary 
symptoms (with dysuria the most common symptom), and 
44% were male. The age range in this group was comparable 
to the total group. The nine infections included five 
E. coli, one Staphylococcus aureus, one Klebsiella, and 
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E. coll infections. / 
It is disturbing to note that only six out of nine 
culture nroven urinary tract infections were treated. 
The reasons for the lack of treatment and follow-up 
in the remaining three urinary tract infections are 
unclear at this time. It is quite pointless to screen 
for a condition and then not treat it when it is found. 
It seems that somewhere in the two days it takes to 
get a positive reading of a urine culture plate, the 
two day journey of the positive laboratory slip to 
the pediatric clinic, and the variable amount of time 
it takes for the intern or student to read that slip, 
call up the family, and have the child return to clinic, 
the child is not treated. Testuria also detected two 
strongly positive patients who never had cultures done. 
It would be interesting to know if these were two other 
infections missed by routine clinic procedures. 
Result s 
Of one hundred two urine specimens in the study, 36% (36) 
of the children were asymptomatic and nqne had a culture 
proven urinary tract infection. However, since the 
expected rate of urinary tract infections is reported 
as from 0.5% to 5%, our statistics on prevalence are 

not remarkable. None of the children whose genitourinary 
symptoms only included enuresis were found to have a urinary 
tract infection. The prevalence of culture proven urinary 
tract infections in the symptomatic children was only 12%. 
If the enuretic children are excluded it was 15%. 
It is worth noting that of the well children who were 
screened 'with urinalysis, only 34% had urine cultures. 
The urinalyses in these children gave 2% false positives 
and yielded no other useful information. In the group with 
urine cultures taken, pyuria showed an astounding 78% false 
negative error rate. In tihis sample, then, we confirm the 
fact that urinalysis alone seems to be a worthless screening 
routine in asymptomatic or symptomatic children. 
In Testuria suspicious counts, most of the eventual 
negatives were in females; therefore showing a higher 
contamination rate in girls, which was to be expected. 
In conclusion, Testuria showed a false oositive error 
rate of 15%, and this was a reasonablv stable estimate. 
The false negative rate was 22%, but this was an unstable 
estimate due to small numbers. It should be noted that 
both of these error rates were maximum estimates, because 
the culture method was assumed to have no errors. Therefore, 
the true error rates would probably be lower. These rates 
show a reasonable enough specificity and sensitivity to make 
Testuria worthy of further notice and further testing. 

Testuria is a quick, easy to administer test and at forty 
cents a test is quite inexpensive when it is noted that 
a urine culture costs $7.50 in the pediatric clinic. The 
test is certainly not harmful to the Datient and a treatment 
is available if screening detects an infection. One 
disadvantage Testuria has is related to the necessary 
16 hour incubation time which delays diagnosis and treatment. 
It is recommended that Testuria be tested on a larger 
group of urines from the Pediatric clinic in the future 
and that comoarisons be made between these results and 
results of urine cultures so that it can be seen if the 
false negative rate is lowered enough to make Testuria 
worthy of being used as a universal screening device for 
urinary tract infection. 

Bib!iograohv 
1. Haugen, Strom, Ostervold: Bacterial "counts in the urine 
I. Reliability of the loon technique- Acta °ath Microbiol 
Scand 74:391 1968 
2. Shaw, Hopp, St. Geme: Quantitative urine culture with 
calibrated bacteriologic looo- Minn Med 49:74b May 1966 
3. Haugen, Strom, Ostervold: 3acterial counts in urine 
II. Comoarison of different methods- Acta Pathol 
Microbiol Scand 77:149 1969 
4. Bradley, Crowley, Darrell: Method for detection of 
bacteriuria suitable for use in general oractice- 
Brit Med 4:649 Dec 16, 1967 
5. Baude, Forfar, Gould, McLeod: Diagnosis of urinary 
tract infection in childhood based on examinations of 
paired non-catheter and catheter soecimens of urine- 
3rit Med J 4:702 Dec 23,. 1967 
6. Mabeck: Studies in urinary tract infections I. Diagnosis 
of bacteriuria in v;omen- Acta Med Scand 186:35 Jul-Aug 1969 
7. Finch, Finch: Bacteriological counts of urines in general 
practice- J Royal Coll Gen Pract 19:2-01 Apr 1970 
8. Bailey: Urinary infection and bacterial excretion rates 
in urine- Lancet 1:187 Jan 23, 1971 
9. Todd: Diagnosis of urinary tract infection- °ediatr 
50:975 Dec 1972 
10. Levy, Lass: Three copulation model for sequential screening 
for bacteriuria- Amer J Eoidem 91:148 Feb 1970 

11. Henning, Bucht, {Callings: Results from the routine 
detection of bacteriuria in antenatal care in Stockholm 
county- Acta Pathologica Microbiol’Scand 79:446 1971 
12. Czerwinski, Wilkerson, Merrill, Braden, Colmore: Evaluation 
of first morning urine to detect significant bacteriuria- 
Am J Obstet Gynecol 110:42 May 1, 1971 
13. Dodge, West, Travis: Significance of transient bacteriuria 
in screening programs for bacteriuria- J Pediat 37:“7 
Jan 1973 
14. Whalley: 3acteriuria of Pregnancy- Amer J Obstet Gynec 
97:723, 1967 
15. Walten, Kunin: Significance of borderline counts in 
screening programs for bacteriuria- J Dediat 78:246 
Feb 1971 
16. Heineman, Lee: Bacteriuria in Pregnancy- Obstet Gynecol 
41:22 Jan 1973 
17. Sinclair, Tuxford: Incidence of urinary tract infections 
in asymptomatic patients in a semi-rural practice- 
practitioner 207:81 July 1971 
18. Stamey, ^fau: Urinary infections- Calif Med 113:16 Dec 1970 
19. Piel: Urinary tract infections in children- °ostgrad 
Med 37:383 April 1965 
20. Cretens: Bacteriuria screening of youngsters- Michigan 
Med 71:207 March 1972 

21. Kohler, Fritz, Schersten: health control of four year 
old children- Acta Paediat Scand 61:289 May 1972 
22. Bhagat, Chouhan, Kaul: Incidence and nature of urinary 
tract infections amonf? asymotomatic primary school 
ehildren- Indian ^ediatr 7:87 Feb 1970 
23. Meadow, White, Johnston: Prevalence of symptomless 
urinary tract disease in Birmingham school children- 
Brit Med J 3:81 July 12, 1969 
24. Savage, Wilson, Ross, Fee: Asymptomatic bacteriuria in 
girl entrants to Dundee Primary schools- Brit Med J 
3:75 July 12, 1969 
25. Kunin: Epidemiology and natural history of urinary tract 
infections in school age children- Pediat Clin NA 
18:509 May 1971 
26. Ten year study of bacteriuria in school girls- J Infect 
Dis 122:382 Nov 1970 
27. Nandi: Urinary tract infections in children- J Indian 
Med Assoc 54:552 Jun 16, 1970 
28. Mathur, Caval, Atal: Urinary tract infections in childhood- 
Indian Pediat 4:347 Sept 1967 
29. Bacteriuria in infants- 3r Med J 1:185 Jan 24, 1970 
30. Littlewood, Kite, Kite: Incidence of neonatal urinary 
tract infections- Arch Dis Child 44:617 Oct 1969 
31. Bergstrom: Sex differences in childhood urinary tract 
infections- Arch Dis Child 47:227 Anril 1972 

32. Braude, Forfar, Gould, McLeod: Cell and bacterial counts 
in the urine of normal infants and children- Brit Med 
J 4:697 Dec 23, 1967 
33. Lireman: Urinary tract infections in the newborn- 
Candd Med Assoc J 101:53 Nov 29, 1969 
34. Bailey: Bacteriuria and its significance- NEJM 256: 
1004 May 4, 1972 
35. Norden, Kass: Bacteriuria of oregnancy- Ann Rev Med 
19:431 1968 
36. Cudmore: Study of urinary infection in a general practice 
Proc Roy Soc Med 63:244 Mar 1970 
37. Asymptomatic bacteriuria- Br Med J 1:796 Mar 29, 1969 
38. Stamey, Pfau: Urinary infections- Calif Med 113: 16 
Dec 1970 
39. Constable: TTC test in general practitioner antenatal 
care- Lancet 2:195 July 23, 1966 
40. Savage: Urinary tract infections in childhood- Scott 
Med J 16:263 May 1971 
41. Smellie: Urinary tract infections- Do they really matter? 
Proc Royal Soc Med 65:513 June 19~2 
42. Chohen: Urinary tract infections in children- Pediatrics 
50:271 August 1972 
43. Altman, Greenberg, Litt: Urinary tract infections in 
children- Semin Roentgen 6:259 July 1971 

44. Discussion on urinary tract infections, do they really 
matter? Practitioner .208:549 April 1972 
45. Allen: Factors in the genesis of childhood urinary tract 
T 
infection- I'ex Med 68:81 June 197 2 
46. Kendall, Karafin: Urinary tract infections in children- 
J Urol 107:1068 June 1972 
47. Hanson, Holmgren, Jodal, Lincoln, Lindberg: Asymptomatic 
bacteriuria-a sdrious disease?- Br Med J 2:530 May 27, 1972 
48. 3urko, Rhamy: Lower urinary tract problems related to 
infection- Pediat Clin NA 17:233 May 1970 
49. Forhes, Drummond, Nogrady: Initial urinary tract infections 
J Pediat 75:187 Aug 1969 
50. Kunin: Natural history of recurrent bacteriuria in schoolgirls- 
NEJM 282:1443 June 25, 1970 
51. Allen: Pathogenesis of urinary tract infection in 
children- NEJM 273:1421,1472 1965 
52. Steele, Leadbetter, Crawford: Prognosis of childhood 
urinary tract infection- NEJM 269:833 1963 
53. North: Urinary tract infection in childhood- Clin 
Pediat 5:729 Dec 1966 
54. Hod son, Wilson: Natural history of chronic oyelonephritic 
scarring- Br Med J 2:191 1965 
55. Leape, Tucker, Voth: Diagnosis and treatment of urinary 
tract infection in children- J Kan Med Soc 68:110 March 1967 
56. Riley, Special problems in the management and evaluation 
of asymptomatic bacteriuria in children- Mod Treat 
7:320 March 1970 
57. Downs, Cleland: Bacteriuria and urinary tract infection 
in infancy and childhood- Nurs Res 20:131 Mar-Apr 1971 

58. Lam, Bremner, Maxwell, Murphy, Low: Pyuria and bacteriuri.a- 
Arch Dis Child 42:275 June 1968, 
59. Stansfeld: Measurement and meaning of pyuria- Arch 
Dis Child 37:257 1962 
60. Houston: Dus cell and bacterial counts in the diagnosis 
of urinary tract infection in childhood- Arch Dis 
Child 38:600 1963 
61. Pryles: Diagnosis of urinary tract infection- Pediatrics 
26:441 1960 
62. Stewart, Kiser, Nitz: Evaluation of the Stat-test in 
urinary tract infections- J Urol 99:109 Jan 1968 
63. Mabeck: Studies in urinary tract infections IV. Urinary 
leucocyte excretion in bacteriuria- Acta Med Scand 
186:193 Sept 1969 
64. Kass: Pyelonephritis and bacteriuria- Ann Int Med 56:46 1962 
65. Littlewood: Asymotomatic bacteriuria- 3r Med J 3:416 
Aug 16, 1969 
66. fhysell: Evaluation of chemical and microscopical 
methods for mass detection of bacteriuria- Acta Med 
Scand 185:393 May 1969 
67. Round table conference on non-obstructive urinary 
tract infections in children- Acta naediat Scand 
Suppl 177:42 1967 
68. Resnick, Celia, Soghikian, Eieberman, Weil: Mass detection 
of significant bacteriuria- Arch Int Med 124:165 Aug 1969 

69. Gohain, Bhujwala, prakash: Bacteriology of urinary tract 
infections- Indian J Path 3act 12:20 Jan 1969 
70. Sacks, Abramson: Screening tests^for bacteriuria- 
JAMA 201:79 July 3, 1967 
71. Wear: Correlation of pyuria, stained urine smear, urine 
culture and uroscreen test- J Urol 96:808 Nov 1966 
72. Lie: Screening tests for significant bacteriuria: 
a comparison of catalase test with microGCooy of unstained 
sediment- J Urol 100:772 Dec 1968 
73. Notelovitz, de 3eer: Evaluation of a rapid bedside 
screening test for asymptomatic urinary tract infection- 
S Afr Med J 44:1128 Oct 3, 1970 
74. Rass: Asymptomatic infections of the urinary tract- 
Trans Assoc Amer Phys 69:56 1956 
75. Brundtland, Hovig: Screening for bacteriuria in school¬ 
girls- Am J Epidem 97:246 April 1973 
76. Hepler, Scott: Significance of pyuria in children- 
JAMA 105:499 1935 
77. Van Trommel: Bacteriuria in general practice- J R COLL 
Gen Pract 21:147 Mar 1971 
78. Montgomerie, Gikalmanson, Guze: Use of the catalase 
test to detect significant bacteriuria- Amer J Med Sci 
251:184 Feb 1966 
79. Lie: Urinary catalase testing- Med J Aust 2:497 Sent 9,1967 
80. 3ell, Evans: Practical method of office bacteriology- 
J Urol 102:482 Oct 1969 

81. Finnerty, Johnson: Simplified accurate method for 
detecting bacteriuria- Amer J Obstet Gynec 101:238 
May 15, 1968 
82. MacXaughtan, Laurence, Knox: Urinarv tract infections 
in general oractice, self-heln in diagnosis- Practitioner 
198:416 March 1967 
83. Walsh, Hildebrandt, Drvstowlsky: Simplified technique 
for determining significant colony counts in urine- 
Amer J Obstet Gynec 96:585 Oct 15, 1966 
84. Kjellander, Linde: Comoarison between chemicil and 
bacteriological tests for bacteriuria- Acta Pathol 
Microbiol Scand 78:271 1970 
85. Papanayiotou, Contas: Mass detection of bacteriuria 
by combination of two ecreening tests- Postgrad Med 
J 46:425 July 1970 
86. Wejlsgaard, Justesen: Quantitative bacterial culture 
of urine- Acta Med Scand 193:147 Mdrch 1973 
87. Milne, Wallace: Screening for bacteriuria in general 
practice by a modified nitrite test- Dractitioner 
197:218 Aug 1966 
88. Lie: Evaluation of a nitrite test kit (Stat-test) for 
the detection of significant bacteriuria- J Clin 
Dath 21:443 July 1968 
89. Farley, Habersberger: Combined chemical screening test 
for bacteriuria- Med J Aust 2:117 July 15, 1967 
90. Iranson: Evaluation of a rat>id nitrite screening test 
for bacteriuria- fechn 3ull Legist Med fech 36:188 hov 1966 

91. Cuthbert: Comparison of TTC test and modified nitrate 
reduction test for bacteriuria- J Med Lab Tech 24:203 
July 1967 
92. Ryan: Use of triphenyltetrazolium in clinical micro¬ 
biology- Amer J Med Tech 31:447 Nov-Dec 1965 
93. Hutchings, Gordon, Thwaites: Uroscreen test for significant 
bacteriuria in Dregnancv- West Indian Med J 19:71 
June 1970 
94. Constable: TTC test in general practitioner antenatal 
care- Lancet 2:195 July 23, 1966 
95. Hardas, Junnarkar: Evaluation of TTC test for detection 
of significant bacteriuria- Indian J Path Bact 12:37 
Jan 1969 
96. Hnatko: The Triphenyltetrazolium chloride (Uroscreen) 
test alone and in combination with the gram smear 
as a screening procedure for significant bacteriuria 
in hospital patients- Canad Med Ass J 95:10 July 2, 1966 
97. Parker, Nord, Croft, Hoeorich: Reliability of a commercial 
TTC reduction test for detecting significant bacteriuria- 
Amer J Med Sci 251:260 March 1966 
93. Athar, Swaroop: Preliminary study comparing quantitative 
culture with TIC, methylene blue thiocyanate and 
resazurin reduction tests- Canad Med Ass J 97:537 
Sept 2, 1967 
99. 'Wright: Comparison of four recent techniques for 
screening urines for the presence of significan numbers 
of bacteria- J Med Lab Tech 25:374 Oct 1968 

100. Downs: Clinical evaluation of the Uroscreen test- 
J Urol 94:706 Dec 1965 
101. Simmons, Williams: Use of a solid reagent in the 
TTC test for bacteriuria- J Clin Path 20:767 Sept 1967 
102. Astrom: Routine Uroscreen test in antenatal patients- 
Acta Obstet Gynec Scand 43:Suppl 3:127 1969 
103. Honeywell, Dalton, Mendelow: Comparison of four tests 
for bacteriuria- Amer J Med Tech 32:207 May-June 1966 
104. Calvert, Hawthorne, Mann: Bacteriuria in a Scottish 
island community- J Hyg 79:105 March 19^2 
105. Fritz, Kohler, Schersten: Assessment of subnormal 
urinary glucose as an indicator of bacteriuria in 
population studies- Acta Med Scand (Suppl) 504:1 1969 
106. Kohler, Fritz, Schersten: Screening for bacteriuria 
with Uriglox in children- Acta Paediatr Scand (Suppl) 
206:76 1970 
107. Emmerson: Use of a simple test for hypoglucosuria 
in the diagnosis of bacteriuria in pregnancy- J Obstet 
Gynaecol 3r Common 79:828 Sept 1971 
108. Matsaniotis, Danelatou-Athanassiadou, Kater&los, 
Hartokalis, Apostoloooulou: Low7 urriinarv glucose 
concentration: A reliable index of urinary tract 
infection- J Pediat 78:851 May 1971 

109. Roberts: Improved dip spoon method for use in the 
screening of urines for significant bacteriuria- 
J Med Lab Technol 27:109 Jan, 1970 
110. Benner: Simple disposable method for quantitative 
cultures of the urine- Appl Microbiol 19:409 Mar, 1970 
111. Naylor, Guttmann: Dio-slide: a modified dip-inoculum 
transport medium for the labddiagnosis of urinarv 
tract infection- J Hyg 55:367 Sept 1967 
112. Maskell, Polak: Dip-inoculation media- Lancet 2:309 
Aug 8, 1970 
113. Guttmann, Naylor: Dip-slide: an aid to quantitative 
urine culture in general practice- Brit Med J 3:343 
Aug 5, 1967 
114. Rautalappi, Makela, Kantero: A dip slide at home 
performed urine culture- Acta Paediatr Scand (Suppl) 
206:136, 1970 
115. Lille, Scharer, Bickel: Detection of bacteriuria- 
Lancet 1:105 Jul 11, 1970 
116. Baum: Evaluation of dip inoculum urine culture- Arch 
Dis Child 47:977 Dec 1972 
117. Jackaman, Darrell, Shackman: Dip-slide in urology- 
3r Med J 1:207 Jan 27, 1973 
118. Soderdahl, Brosman: Urine culture: search for an effectiv 
office screening technique- J Urol 108:143 July 1972 
119. MacLean, McCallum, Davies: Dip-slide urine cultures 
in general practice- J R Coll Gen Dract 21:710 Dec 1971 
120. Dove, Bailey: Diagnosis of urinarv tract infection 
in general practice- Lancet 2:1281 Dec 16, 1972 

121. Buchanan: Diagnosis of urinary tract infection in 
general practice- Lancet 1:720 Mar 31, 1973 
122. Castleden, Birch: Routine screening of the urine of 
orthopaedic patients for bacteriuria using a dip 
slide technique- Med J Aust 2:262 Jul 31, 1971 
123. Bailey, Leary, Notelovitz: Uricult dip-slide in significant 
bacteriuria- S Afr Med J 46:1323 Sent 16, 1972 
124. Hughes: Spoons and diD slides- Lancet 2:420 Aug 22, 1970 
125. Dixon: Detection of bacteriuria- Lancet 2:722 Oct 3, 1970 
126. Parker, Croft, Hoeprich: Simple method for detecting 
significant bacteriuria- Amer J Med Sci 254:836 Dec, 1967 
127. Seligman, Deigli, Hewitt: Detection of bacteriuria 
by a filter paper inoculating strip- Am J Obstet 
Gynecol 102:890 Nov 15, 1968 
128. Billinson, Aubry: Comparative study of a screening 
test for bacteriuria- Am J Obstet Gynecol 108:988 
Nov 15, 1970 
129. Mond, Gruneberg, Smellie: Study of childhood urinary 
tract infections in general practice- 3r Med J 1:602 
Mar 7, 1970 
130. Duncanson, St. Geme, Jr.: Screening for bacteriuria 
by the miniature culture technique- Calif Med 109:112 
Aug 1963 
131. Heinze, Jr., Hodari, Connolly, Jones, Cox, Quinn: 
Simple methods for detection of bacteriuria in the 
physician's office- Henry Ford Hosp Med J 16:279 
Winter 1968 

132. Leigh, Williams: Method for the detection of significant 
bacteriuria in large grouts of patients- J Clin Path 
T 
17:498 July 1964 
133. Eubanks, Hotho: Evaluation of the Testuria dip test 
method of detecting bacteriuria- J Louisiana Med 
Soc 120:241 May 1968 
134. Dodge, West, Eras, Travis: Detection of bacteriuria 
in children- J nediat 74:107 Jan 1969 
135. Dodge, Travis, Daeschner: Monitoring for recurrent 
bacteriuria by parents- J Pediat 78:859 May 1971 
136. Bruppacher, Domingue: Experiences with a screening 
test for bacteriuria- Am J Clin Path 59:203 Feb 1973 
137. Mohankumar, Chitkara, Josephy: Detection of bacteriuria- 
a comparison of two methods- Indian J Pathol Bact 
13:114 July 1970 
138. Patney, Burner, Angle: Bacteriuria: neliable detection 
by mini culture- Nebr State Med J 56:201 May 1971 
139. Hobday: Simplified culture method for detecting a- 
symptomatic bacteriuria in children- Pediatrics 38:902 
Nov 1966 
140. Layman, Wagner, Mendelow: Comparison study of three 
methods for detecting significant bacteriuria- Techn 
Bull Regist Med Tech 38:294 Nov 1968 
141. Goffman: Rapid screening tests for the determination 
of significant bacteriuria in a private urologic 
practice- Southern Med J 62:851 Julv 1969 

142. Bell, Evans: Practical method of office bacteriology- 
J Urol 102:432 Oct 1969 
143. Mongeau, Robillard, 3rousseau: Screening for bacteriuria 
in children- Can Med Assoc J 107:227 Aug 5, 1972 
144. Greenberg, Jekel: Some problems in the determination 
of the false positive and false negative rates of 






YALE MEDICAL LIBRARY 
Manuscript Theses 
Unpublished theses submitted for the Master's and Doctor's degrees and 
deposited in the Yale Medical Library are to be used only with due regard to the 
rights of the authors. Bibliographical references may be noted, but passages 
must not be copted without permission of the authors, and without proper credit 
being given in subsequent written or published work. 
This thesis by has been 
used by the following persons, whose signatures attest their acceptance of the 
above restrictions. 
NAME AND ADDRESS DATE 
JW- 77 f H ?hh y 

